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ABSTRACT 

A d i g i t a l  s imu la t ion  o f  t h e  performance of  t h e  LRV 
Naviga t ion  System i s  desc r ibed .  The s i m u l a t i o n  used t h e  s p e c i -  
f i c a t i o n  gyro d r i f t  rate of 10°/h and t h e  e s t i m a t e d  misal ignment  
error o f  3 % ,  e v a l u a t e d  ove r  traverses t h a t  w e r e  b e i n g  cons ide red  
fo r  Apollo 15  as o f  January  1 9 7 1 .  The fo l lowing  r e s u l t s  w e r e  
o b t a i n e d :  

a .  

b. 

C. 

d. 

be made 

I n  order t o  keep t h e  maximum Navigat ion System 
p o s i t i o n  error under 600  meters, t h e  gyro has  t o  
be r e a l i g n e d  only  once d u r i n g  t h e  f i r s t  t r a v e r s e ,  
a t  t h e  end of s t o p  number 3 .  - 
For t h e  second traverse, t h e  same error c r i t e r i o n  
i s  m e t  w i t h  t h r e e  rea l ignments  a t  t h e  end of  s t o p s  
number 5,  6 ,  and 9 .  

- 

Two r ea l ignmen t s  a r e  necessa ry  f o r  t h e  t h i r d  t r a v e r s e ,  
a t  t h e  end o f  s t o p s  number 1 2  and 1 4 .  - 
The e f f e c t s  o f  l u n a r  r o t a t i o n ,  l u r a i n  roughness  and 
a s l i p  o f  1 .85% a r e  n e g l i g i b l e  i n  comparison w i t h  
t h e  e f f e c t  of e i t h e r  10°/h o r  5O/h gyro d r i f t  and 
3' misalignment e r r o r s .  

Due t o  t h e  l a s t  r e s u l t  a v a l i d  t r a v e r s e  a n a l y s i s  can 
accoun t ing  only  f o r  misalignment and gyro d r i f t  errors. 
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MEMORANDUM FOR FILE 

The Rover Navigat ion System Simula t ion  Program 
d e s c r i b e d  i n  Reference 1 w a s  used t o  e v a l u a t e  t h e  expec ted  
maximum p o s i t i o n  errors i n  t h e  LRV n a v i g a t i o n  system d u r i n g  
t h e  t h r e e  Apollo 15 t r a v e r s e s .  

The t r a v e r s e s  t h a t  were s imula t ed  a r e  shown i n  
F igu re  1. They are t h e  update of January 28, 1 9 7 1 ;  however, 
s i n c e  t i m e s  and d i s t a n c e s  rather t h a n  t h e  e x a c t  t r a v e r s e  
geometry are t h e  major f a c t o r s  i n  e r r o r  g e n e r a t i o n ,  t h i s  
a n a l y s i s  should  be a l s o  v a l i d  f o r  l a t e r  t r a v e r s e  upda te s .  
They w e r e  reduced i n t o  segments of s t r a i g h t  l i n e s  and arcs 
fo r  i n p u t  t o  t h e  s i m u l a t i o n  program. The r e s u l t a n t  t r a v e r s e s  
which w e r e  fol lowed by t h e  s imula ted  r o v e r  as a r e s u l t  o f  
t h e s e  i n p u t s  are shown i n  F igure  2 .  The va lue  used f o r  t h e  
misalignment e r r o r  w a s  3O and t h e  maximum va lue  used f o r  t h e  
gyro d r i f t  rate w a s  10°/h.  The f i r s t  number w a s  e s t i m a t e d  i n  
Reference 2 whereas t h e  second number i s  t h e  s p e c i f i c a t i o n  
Value (see p. 2-28 i n  R e f e r e n c e  3 ) .  Two classes o f  runs  w e r e  
made: i n  t h e  f i r s t ,  t h e  s p e c i f i c a t i o n  gyro d r i f t  ra te  of  
10°/h w a s  used ,  w h i l e  i n  t h e  second 5O/h w a s  used because  t h i s  
i s  expec ted  t o  be closer t o  a c t u a l  d r i f t  r a te  of  t h e  system. 
The r e s u l t s  o f  t h o s e  runs  are t a b u l a t e d  i n  Table  I .  

For each c o n d i t i o n  t h e  t r a v e r s e  w a s  run  wi thou t  any 
a l ignments  and t h e n  re - run  wi th  an  a l ignment  added u n t i l  t h e  
maximum er ror  between t h e  t r u e  LRV p o s i t i o n  and t h e  p o s i t i o n  
i n d i c a t e d  by t h e  n a v i g a t i o n  system w a s  less than  t h e  s p e c i f i c a -  
t i o n  v a l u e  of  6 0 0  m (see Reference 3 ) .  The s c i e n c e  s t o p s  f o r  
t h e  a l ignments  w e r e  s e l e c t e d  on t h e  basis o f  t h e i r  d u r a t i o n  
( t h e  longe r  s t o p s  accumulate more d r i f t  e r r o r s )  and t h e i r  
d i s t r i b u t i o n  a long  t h e  traverse. I t  can be seen  from Table  I 
t h a t  t h e  e f f e c t s  of e i t h e r  1 .85% s l i p  o r  l u r a i n  f e a t u r e s  w e r e  
r e l a t i v e l y  s m a l l ,  (The value o f  1.85% f o r  t h e  Apollo 1 5  
estimated s l i p  w a s  g iven  by MSFC.) 
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FIGURE 1 - APOLLO 15 TRAVERSES (1/28/71 REVISION) 
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FIGURE 2 - A  4020 PLOT OF THE APOLLO 15 TRAVERSES AS FOLLOWED BY THE SIMULATED LRV 
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From t h e  r e s u l t s  shown i n  Table  I it i s  concluded 
t h a t  i n  o r d e r  t o  keep t h e  maximum p o s i t i o n  error under 
6 0 0  m e t e r s  i n  t h e  w o r s t  c a s e  of 10°/h gyro d r i f t  it i s  
necessa ry  t o  r e a l i g n  t h e  gyro once a t  t h e  end of  s t o p  
number 3 on t h e  f i r s t  t r a v e r s e ,  t h r e e  t i m e s  a t  t h e  end of 
s t o p s  number 5 ,  6 ,  and 9 on t h e  second t r a v e r s e ,  and t w i c e  
a t  t h e  end of  s t o p s  number 1 2  and 1 4  on t h e  t h i r d  t r a v e r s e .  
I t  would appear  t h a t  i f  t h e  a c t u a l  gyro d r i f t  ra te  i s  o n l y  
5"/h, one al ignment  could  be  e l i m i n a t e d  from each traverse. 

I t  i s  e s s e n t i a l  t h a t  t h e  r ea l ignmen t s  B e  performed 
a t  t h e  end o f  t h e  s t o p s  s i n c e  t h e s e  s t o p s  are f o r  r e l a t i v e l y  
long  d u r a t i o n s  and t h e  gyro d r i f t  rates l e a d  t o  a l a r g e  
heading  error. The r e s u l t s  of Table  I a g r e e  c l o s e l y  wi th  
t h o s e  g iven  i n  Reference 4 .  Since it w a s  found t h a t  l u r a i n  
c h a r a c t e r i s t i c s  and s l i p  a r e  n o t  necessa ry  f o r  a v a l i d  
a n a l y s i s ,  a s i m p l e r  a n a l y s i s  of t h e  t r a v e r s e s  u s i n g  on ly  
misal ignment  and gyro d r i f t  errors i s  adequate .  

2 0 31- I Y B - j  f I .  Y .  Bar-I tzhack 

Attachment 
R e  f e rence  s 
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